Adverse drug reactions (ADRs) are an important clinical problem and contribute significantly to mortality and morbidity. Scant data on the safety of drug use in children are usually available at the time of marketing authorization, due to the limited number of trials performed in the paediatric population. Few studies monitored the incidence of ADRs in Italian hospitalized children, that cannot be compared for methodological reasons. A 6-month prospective observational study was, therefore, conducted on the paediatric wards of five hospitals in the Campania Region, Italy. Data were collected on all patients admitted to the wards during the study period through a structured questionnaire administered to the mothers and through a hospital chart review. Of the 752 patients enrolled, 86.2% were exposed to one or more drugs during hospitalization. The therapeutic class most prescribed was systemic antibacterial agents (47%). Six ADRs occurred during hospitalization (incidence 0.9%; 95% CI 0.2% -1.7%). In addition, one child was admitted to a hospital for an ADR. Five out of seven ADRs occurred in girls. The skin was the most affected organ. The medications implicated were amoxicillin, acyclovir, ibuprofen, ceftriaxone, paracetamol, and ranitidine. According to the Naranjo probability criteria, six ADRs were probably, and one possibly, related to the suspected drug. In conclusion, this study reveals that ADRs may be under-reported in children hospitalized in the Campania Region. Consequently, healthcare personnel should be alert to the possibility of ADRs. More accurate reporting of ADRs in children would result in safer use of drugs in such patients.
INTRODUCTION
A crucial issue in drug therapy is the risk of adverse drug reactions (ADRs). ADRs are an important clinical problem and contribute significantly to mortality and morbidity [1, 2] . They can result in diminished quality of life, a greater need for physician visits and hospitalizations, and even death in adults and children [3] [4] [5] .
Before a new drug is marketed, clinical trials are generally conducted in adult patients and, only in a few instances, in children, although the situation is improving [6, 7] . Pre-marketing trials are unable to detect the full range of ADRs that can occur both in adults and in the paediatric population. Therefore, data on the efficacy and tolerability of drugs and information regarding ADRs in children are often lacking. The spectrum of ADRs in children can differ from that manifested in adults in terms of frequency, nature, and severity. It is widely agreed that ADRs reported in adults do not always predict ADRs in children [8] . Anatomical differences in body proportions and age-related differences in body composition, and in enzymatic pathways and maturation, distinguish newborns, infants, and children from adults. Children have been shown to be more susceptible to particular toxic effects than adults [9] . Some ADRs are specific to the paediatric population because of the growth and development that children undergo (e.g. Reye's syn-drome with acetyl salicylic acid [10] ). Other ADRs are more common in children (e.g. dystonia with metoclopramide [11] ). Several risk factors may account for the severity and specificity of ADRs in children, namely, age-dependent changes in pharmacokinetics and pharmacodynamics.
Consequently, attention has begun to focus on ADRs in the paediatric population; several prospective studies indicate that ADRs in children are of great clinical relevance. A meta-analysis of eight prospective studies published in the 2001-2007 period estimated an incidence rate of ADRs among hospitalized children of 10.9% (95% confidence interval [CI] 4.8 -17.0), and an incidence of ADRs leading to admission to a paediatric hospital of 1.8% (95% CI 0.4 -3.2) [12] . Similar findings were observed in a recently published comprehensive review that analysed a total of 102 studies [13] .
Greater figures of ADR incidence were estimated in a review of 33 studies monitoring ADRs in general paediatric populations between 1973 and 2009, but this may be due to differences in the design and methods of the included studies [14] .
Many drugs used to treat children are either not licensed for, unlicensed, or are prescribed outside the terms of the product license, or "off-label" [15, 16] . It is likely that the use of unlicensed or "off label" drug prescriptions is associated with a greater risk of ADRs in the paediatric population [17, 18] .
Few studies are available monitoring the incidence of ADRs in Italian hospitalized children, and some methodological differences do not allow the comparison between the estimates [19] [20] [21] .
Given the impact of ADRs on morbidity and mortality rates and the potential vulnerability of children to ADRs it is important to evaluate the incidence and nature of ADRs in this population. The aim of this study was to assess: 1) the incidence and common types of ADRs; 2) the drug classes most frequently involved in ADRs among patients aged 0 -18 years old hospitalized in five general hospitals of the Campania Region, Italy, using a common and simple approach in the general daily clinical practice, and checking for previous or during hospitalization drug exposure related to ADR.
MATERIALS AND METHODS
Between June and December 2008, a 6-month prospective observational study was carried out on the paediatric wards of five hospitals in a close area of the Campania Region (AORN A. Cardarelli, Naples; PO S. Paolo, Naples; PO S. Maria delle Grazie, Pozzuoli-Naples; PO S. Leonardo, Castellammare di Stabia, Naples; and PO Fatebenefratelli, Benevento). Campania is a geographically and administratively well-defined Mediterranean area located on the west coast of southern Italy.
The five selected hospitals are community hospitals serving different catchment areas, and some are referral centres for the entire paediatric population of Campania, encompassing several different paediatric specialties. The study involved children and adolescents aged 0 to 18 years who were hospitalized in the general paediatric wards of the five hospitals. Parents were informed about the objectives of the study and informed consent for the use of data for research purposes was obtained.
Data were collected by study monitors in two fixed index days of the week, for a total of 48 days, using a standardized data collection form. The form consisted of two parts: the first part concerned individual data (age, gender, weight) and data regarding medication taken during the four weeks preceding hospital admission, i.e., indication, dose, route of administration, duration of treatment, prescriber (physician, pharmacist, or self-medication); the second part concerned data related to diagnosis upon admission, drug prescriptions during hospitalization, and the characteristics of any suspected ADR (drug name, dosage, route of administration, indication, dates of beginning and stopping therapy, description of the reaction, and evolution). Data were collected by interviewing the child's mother or a relative and by reviewing the medical records of the patients included in the study.
In the month preceding the beginning of the survey, study monitors (physicians and pharmacists attending a specialization course in pharmacology and not working in the five selected hospitals) underwent an intensive training on the theoretical and practical aspects of pharmacovigilance. All health professionals on each of the wards were informed of the study. During the visit to the wards, monitors registered new patients, interviewed their mothers or relatives to collect data concerning the drug exposure in the four weeks preceding the admission, and reviewed medical charts.
When necessary, additional data were requested from the ward nurses and prescribing physicians in an attempt to obtain further details on drug prescriptions and ADRs occurring during hospitalization.
Patients were excluded from the study if a drug was taken for any reason other than ordinary therapeutic or prophylactic purposes. Forms lacking information about gender, age, or drug exposure in the four weeks preceding the admission and/or during hospitalization were excluded from the study. Diagnoses were classified using the International Classification of Disease 9th revision (ICD-9). Drugs were classified according to the Anatomical Therapeutic Chemical classification (ATC) system. The number and proportion of drugs administered during hospitalization were calculated for each of the most widely used ATC subgroups (>5%); some ATC subgroups were also examined using 4th level ATC codes. Age groups were defined according to the International Conference on Harmonization (ICH) Topic E11.
According to the World Health Organization (WHO), an ADR was defined as any noxious, unintended or undesired response to a drug that occurs at doses normally used in man for prophylaxis, diagnosis or treatment of disease, or for the modification of physiological function. Drug abuse and intentional or accidental poisoning (overdose) are not included [22] .
In this study, severity was classified as follows: mild (bothersome but requiring no change in therapy), moderate (requiring change in therapy, or additional treatment), severe (life-threatening, requiring hospitalization, or causing serious/permanent disability) [22] . ADRs were coded using the WHO Adverse Reaction terminology [22] . The management strategies used for the ADRs were defined as drug withdrawal, dose reduction, additional treatment for ADR, and no change in regimen with no additional treatment. We also evaluated the final outcome of each ADR.
The Naranjo Adverse Drug Reaction Probability Scale was used to assess the causal relationship between the medication and the ADR [23] . The Naranjo scale assigns the likelihood of a drug causing an untoward event.
Probability is assigned as follows: "highly probable", "probable", "possible" or "doubtful". The Naranjo algorithm is easy to use and is widely applied.
The Committee on Clinical Investigation of the Second University of Naples reviewed and approved the study protocol.
RESULTS
A total of 752 patients (inter-hospital range: 36 -356 patients), corresponding to 21.5% of the hospitalized children in participating hospitals during the study period, were enrolled in the study in the chosen index days. The number of patients admitted to each hospital ranged from 350 to 1500 patients. Table 1 lists the demographic and clinical characteristics of the study population. Of the 752 patients, 55.5% were boys and 44.5% girls and the mean age was 3.8 (median: 3) years. The largest age group was children (2 -11 years) (52.1%), followed by infants (1 month -2 years) (40.8%).
In the four weeks preceding hospitalization, 568 (75.5%) patients had taken medications, with an average of 2.8 (±1.8) drugs per patient. Drug use was more frequent in children (53.3%) and infants (39.9%), and in males (56.2%). The most commonly used therapeutic drug classes during this period were antibacterials for systemic use (41.8%), analgesics (35.4%), drugs for obstructive airway diseases (24.2%), and corticosteroids for systemic use (18.1%). Of the prescriptions, 68.2% were made by a family paediatrician, while 10.4% were used as self-medication, more than half (5.5%) involved paracetamol.
The most common cause of admission was non-specific symptoms (e.g. fever, malaise, and shivering) (69.9%), gastrointestinal system disorders (66.2%), respiratory system disorders (36.7%), and neurological disorders (10.4%).
No patients with cancer, receiving anaesthesia or surgical procedures, or paediatric intensive care patients, were admitted during the study period.
During their hospital stay, 648 patients (86.2%) were exposed to one or more drugs (mean, 2.7 drugs; standard deviation [SD] 1.7). Children received a total of 1396 different drug prescriptions.
The average length of hospital stay was 3.9 days (range: 1 -36 days; median: 3 days) ( Table 1) . The most commonly prescribed therapeutic drug classes during hospitalization were antibacterials for systemic use (46.6%), analgesics (38.7%), corticosteroids for systemic use (23.5%), and drugs for obstructive airway diseases (22.4%) ( Table 2) .
Paracetamol was the most frequently prescribed drug (19% of the overall hospital prescriptions in 39% of children), followed by amoxicillin (10% of prescriptions and 21% of children), betamethasone (7% of prescriptions and 16% of children), and salbutamol (7% of prescriptions, 14% of children) ( Table 2) .
Six ADRs were detected during the hospitalization period, with an overall incidence rate of 0.9% (95% CI 0.2% -1.7%). Copyright © 2012 SciRes.
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Four out of six ADRs occurred in female patients. The incidence of ADRs was slightly higher in females than in males (1.4%, 95% CI 0% -2.7% versus 0.6%, 95% CI 0% -1.3%, respectively). Three children with ADRs had a history of ADRs, but in all cases the suspected drug was different. The characteristics of the ADRs identified are reported in Table 3 . The most commonly affected organ system was the skin and appendages (n = 3 ADRs), with urticarial rash (n = 2), and macular exanthema (n = 1) as the clinical manifestations. Other ADRs were: transaminase elevation (n = 1), anaphylactic shock (n = 1), and vomiting (n = 1). The ADRs were considered severe in 2 cases, moderate in 3, and mild in 1.
According to the Naranjo probability scale, 5 ADRs were probably related and one was possibly related to the suspected drug. In 5 cases the suspected drug therapy was stopped; 3 cases required additional treatment. All ADRs regressed without long-term sequelae.
One 5 year old female was admitted for an ADR: an amoxicillin-induced Stevens-Johnson syndrome. The incidence of ADRs causing hospitalization was 0.2% (95% CI: 0% -0.5%). The ADRs detected in this study were well-known reactions related to the drug in question.
DISCUSSION
This paper showed the data of a six-month prospective observational study conducted in the general paediatric wards of five hospitals of the Campania Region. An ADR incidence rate of 0.9% (n = 6) was found in children hospitalized in Campania, Southern Italy, and an incidence of ADR leading to hospitalization of 0.2%. All ADRs were well-known reactions related to each causative drug.
The results regarding the profile of drug use in the four weeks prior to hospitalization were consistent with findings from national and international drug utilization studies [24, 25] .
In Campania, the overall number of drugs used per patient during hospitalization was 2.72 (±1.71), which is consistent with the findings of other prospective studies performed in hospital settings in Europe [26] [27] [28] .
Similarly, the finding that the most frequently prescribed therapeutic drug class during hospitalization was antibacterials for systemic use (47%) is consistent with previous studies [12, 13] . The most frequently used drug classes also reflected the admitting diagnoses on admission (fever, gastrointestinal diseases, and respiratory system disorders).
The fact that nearly 1 out of 5 admitted children received systemic steroids, and in particular betamethasone, should be underlined. The percentage of treated children is greater than that of other studies, but reflects the wide and inappropriate use of betamethasone for upper respiratory tract infections in some Italian regions [25] , and was consistent with the percentage of children exposed to this drug in the four weeks preceding admission.
The frequency of antibacterial drug prescriptions is also greater than in other countries, and is also higher than that observed in an Italian paediatric hospital (47% versus 38%) [29] . However, it is reassuring that amoxicillin was the most prescribed drug instead of amoxicillin + clavulanic acid, as seen in studies from other hospitals [29] and in the outpatient population [25] . As reported previously and observed in analyses of spontaneous reporting data, skin and appendages were the most affected system disorders in our patients, and systemic antibacterials were frequently implicated in suspected ADRs [12] [13] [14] 30] . However, it should be considered that antibacterials were the most commonly prescribed drugs.
According to the Naranjo probability scale, 6 of the 7 ADRs detected in our study were probably related to the suspected medication. In previous studies, the percentage of ADRs classified as "probable" in paediatric patients accounted for more than 50% [12, 13] . Another aspect of our study was the predominance of dose-independent reactions, mainly allergic reactions. These data can be attributed to the wide use of antibiotics and to the skin reactions observed. All the ADRs detected in our study regressed. Three ADRs (43%) were severe, and the incidence of severe ADRs was slightly higher than reported in previous studies [12] [13] [14] .
Although we combined interview with parents with chart review, which detects a higher percentage of ADRs than other methods [31] , we found a lower rate of ADRs (0.9%) with respect to other studies.
In fact, the incidence of ADRs observed in previous prospective studies ranged between 0.6% -16.8% [12, 13] .
The number of ADRs detected is small, and this may represent a limitation of the study.
The differences in incidence of ADRs may be due to several reasons: e.g. sample size, pattern of diseases, and disease severity among children admitted to hospitals, methods to identify ADRs, length of hospitalization, and drug exposure. The time frame and the methodology used may also have influenced the likelihood to detect an ADR.
Furthermore, many ADRs are often misdiagnosed in the paediatric population because they cannot be distinguished from naturally occurring clinical manifestations of disease.
The number of drugs prescribed to children in our study was slightly lower than in other settings and this may have contributed to the lower incidence of ADRs. However, it is possible that some ADRs were missed during chart review. Studies conducted in various settings suggest an inadequate knowledge of ADRs among physicians, as well as attitudes indicative of a high degree of underreporting [32] [33] [34] . Health care professionals may tend to report only certain or serious ADRs because of unawareness that reports of ADRs are only suspected associations. They tend not to report well-known or nonserious ADRs, thus causing a bias due to selective reporting. Finally, health care professionals may be reluctant to report a suspected ADR if a medicine being used is unlicensed or "off-label", because of potential liability issues [34] . Underreporting is more relevant for ADRs in children, and educational intervention for health professional are effective also in setting characterised by an high rate of spontaneous reporting [35] .
Because of the low rate of ADRs in the hospitalized children identified in our study compared with previous findings, there is obviously a need to improve the recognition and detection of ADRs in the paediatric population. Accurate identification and reporting of ADRs in children by health care professionals would lead to a more realistic risk/benefit evaluation and toxicity profile in this particularly vulnerable population. Consequently, measures should be taken to ensure the active surveillance of ADRs in children. Paediatricians could be key players in recognizing, evaluating, monitoring, communicating, and documenting ADRs.
